Section of Neurology
President-C. WORSTER-DROUGHT, M.D. [December 4, 1947] DISCUSSION ON THE ELECTRO-ENCEPHALOGRAM IN ORGANIC CEREBRAL DISEASE Dr. W. Grey Walter: Electro-encephalography has been used for about ten years to help in the diagnosis and prognosis of cerebral disease. The advances which have been made in that time are really rather disappointing, but during the war years the rate of progress was slow, though the number of centres increased in all countries.
For the purposes of this discussion the subject may be divided into three parts. First I should like to mention the technical advances which have been made and are now in progress, with particular reference to their value in studying organic conditions. Secondly, I propose to enumerate the empirical findings which are generally supposed to suggest the presence of organic pathology. Thirdly, it may be of interest to scan the methods which are now being developed to extend the scope of the subject.
The basic technical device which has been generally adopted is the employment of multi-channel direct recording instruments, with soundly planned bipolar electrode placements. The general acceptance of this technique is embodied in the recommendations drawn up in this country, in the United States and, more recently, by the International E.E.G. Committee.
In the early days of electro-encephalography, few centres used more than three channels of recording. Nowadays six is the preferred number; some centres use eight and one or two as many as twelve. It is generally agreed that the use of more than six recorders puts a great strain both on finance and on the interpretative ability of the recordist. For this reason a logical development has recently been introduced which can employ several score of channels without burdening the operator with yards of record. This device, which has been called a "Toposcope", exploits the fact that for certain purposes the information required about the patient is more a matter of topographic detail than of changes with respect to time. Accordingly, the electrical activity of the brain is displayed upon a cathode-ray oscilloscope of large diameter in such a way that the regions where electrical activity is in progress can be directly observed as a flickering light, giving the illusion that the observer is looking at the head of the patient and can see the significant discharges where they are actually occurring.
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Another type of technical refinement is the automatic analysis of the records in terms of their various components, in the form of a frequency spectrum. This device is now fairly familiar. Its function is merely to assist the interpreter by disclosing components invisible to the naked eye and to provide quantitative information, where previously only qualitative descriptions were available. Automatic frequency analysis can be combined with toposcopy in such a way that the local activity of quite small cell groups can be detected and measured, and the anatomical dissemination or suppression of the various modes of activity can be quite accurately traced. This type of study is of particular value in organic conditions, as compared with, for example, cases of epilepsy, since there is less danger of overlooking transient or paroxysmal changes, which are still best studied by means of the conventional multichannel recorder.
One of the most healthy signs in electro-encephalography is the tendency to include on the record a registration of other variables beside the E.E.G. itself, and thus, respiration, electrocardiogram, blood-pressure, skin resistance, muscular activity and so forth appear more and more frequently in electro-encephalographic tracings, so that the correlation of nervous and somatic perturbations can be more readily made.
The limitation imposed on ordinary electro-encephalography by having to record through the unopened skull is still serious. There is still no trustworthy method of distinguishing between cortical and basal activity, but the use of special electrode designs and placements has produced some promising results. The bipolar nasal or pharyngeal electrode provides at least a different approach to the basal structures, though these still remain relatively inaccessible to the electro-physiologist. When direct access can be obtained to the brain through a burr-hole or during an operation, both the cortex and the deeper structures can be explored with no more damage than is caused by the ordinary brain needle, which can be converted into a satisfactory bipolar electrode of small dimensions. Naturally, opportunities for such observations occur only in cases where organic disease is suspected, so that information on entirely normal human brains has not been obtained in this way, but in many cases the abnormal region occupies only part of the operative field so that direct comparisons of healthy and disturbed function can be made at all cerebral levels. Apart from the physiological interest of such data, the precise delimitation of subcortical new growth and abscess formations has been found of cKonsiderabje practical value: This procedure, at least, requires only the simplest recording equipment and can be combined with the withdrawal of specimens for biopsy.
One may anticipate that valuable observations may be made in the future by combining the technique of direct exploration with the experimental procedures to be discussed later.
We may now turn to the enumeration of those features of the electro-encephalogram which are suggestive of organic pathology. It may be best to consider them, at first, quite empirically, in order to outline the scale of variation. First of all there are the classical slow rhythms which were originally called 'delta" waves. A summary of the facts relating to these is contained in Table I . It will be seen that great care is necessary in interpreting records containing only this type of abnormal activity, particularly when the diagnosis lies between an organic condition and one of, for example, idiopathic epilepsy. The data summarized under the heading "Wave-form" are of the greatest importance, since it is the irregularity and variability of the discharges which seem to suggest an acquired lesion. It is tempting to suppose that this irregularity is due to the presence of many independent components, as suggested by the frequency analysis, for this would fit in well with the conception that the lesion 238' is producing a condition of what one might call "forced oscillation" on the part of the cell-groups near-by. One may, perhaps, consider this irregular polyrhythmic delta discharge as a strictly pathological phenomenon, at any rate when it is focal or limited in its extent. Its resemblance to the activity seen in deep sleep and in infants suggests a further speculation about the function, if any, of such slow rhythms. It is never satisfactory to regard a phenomenon as without significance and some years ago it was suggested that slow activity of this type may represent the activity of a mechanism whereby neurones are relieved of their normal function in disturbed conditions, thus taking the place in the brain which pain does in most other parts of the body. If this is really the function of slow activity in these conditions, one might expect that the imposition of slowly changing electrical currents on the brain from anatomo-clinical evolution of the E.E.G. and all workers would agree that the changes in the picture from day to day or week to week are of great importance, both in distinguishing organic from functional and epileptic disorders and in helping to establish a differential ,diagnosis as between static, recovering and progressive lesions. While considering the question of theta rhythms it should be emphasized that these components are not simply a milder form of delta activity; they do not occur merely as a result of slight cortical damage but are definitely correlated with a subcortical disturbance and particularly with perturbation of the relations between the cortex and basal structures. Moreover, the occurrence of rhythms in this frequency band in normal people, in certain transitory, emotional states suggests that they may have a function analogous to that of the better-known alpha rhythm in subserving the mechanism of sensorimotor integration.
The relation between the amplitude and extent of delta and theta activity, both topographically and temporally, can be used to infer the extent and rapidity of evolution or decline of a pathological process. For example, cases in which the first abnormal feature is a diffuse but lateralized theta discharge followed after a matter of weeks or months by a more focal delta rhythm on the same side have been found post mortem to have tumours arising near the third ventricle and growing outwards. An inverse relationship in order of time suggests a lesion arising superficially, invading the deeper structures. There are, however, many anomalies and paradoxes in such cases and, as always, these often provide evidence' of important fundamental truths. Table III indicates, briefly, some of the disturbances in the normal alpha rhythms which can be taken as abnormal signs. Clearly, when an area of the brain, normally associated with alpha activity, is destroyed, the rhythm is absent from that region and the same is, of course, true of the smaller, less rhythmic components of the E.E.G. There are, however, cases more complex than this; the interpretation of such records depends largely upon comparison of the two hemispheres, since the normal variations of symmetry are very much less than those of alpha activity as a whole. 'There are normal people who show no alpha activity whatever and those in whom the rhythm can be blocked only by the reading aloud of an interesting sentence. Rather as in the case of the theta rhythm, abnormalities in the alpha category are more often signs of interference with physiological circuits and anatomical pathways than of cortical involvement, and for this reason such cases should be studied by experimental methods in order to work out the site and nature of the interference. Here again also, automatic analysis is a great help not only in separating the various components but also in identifying their focus and extent, a very difficult task when several rhythms of similar frequency are spatially adjacent or overlapping. Table IV contains several other abnormal features. The brief discharges generally called "spikes" are as truly abnormal as the focal delta discharge but have, of course, an entirely different significance. They are almost certainly signs of irritation rather than depression and are usually very localized when they occur in relation to trauma.
As the Montreal School has demonstrated, they often arise a little distance away from the apparently traumatized area and indicate a target for intervention even better than do the obvious signs of damage.
A very peculiar and still poorly understood feature in certain records is the slow spike-and-wave complex which, in some ways, resembles but is actually quite distinct from the classical wave-and-spike discharge associated with minor seizures. This is actually one of the most intriguing of all cerebral abnormalities since it appears to engage the activity of several fundamental physiological mechanisms, yet is a most ominous sign. It is most common in young people and is always associated with a history of some sort of seizure, though there is not always evidence that the patient is having an attack while this discharge is in progress. It has recently been observed that discharges of this type can often be evoked or driven by physiological stimuli, when these are presented at a frequency near to that of the spontaneous discharge rate. Occasionally even non-rhythmic stimulation can precipitate or accentuate this discharge.
This leads on to the sixth class of abnormal features, the anomalies which can be observed in the electrical responses evoked by various types of stimuli. Photic stimulation is the most convenient and effective form of stimulus, if for no other reason because the areas concerned with vision and visual association are so large and accessible in man. In normal subjects the type, degree and extent of the response are very variable both from person to person and from moment to moment. Here again, the degree of symmetry is an important factor, though, even in this respect, certain normal persons present a startling picture. Of course when there is widespread destruction of the visual areas no response can be evoked from that region, but rather harder to understand is the tendency of areas adjacent to damaged or dys- the stimulus was arriving by an indirect route at the secondary areas and filtered by some intervening mechanism, so as to contain only the higher components of the primary response. There is a peculiar biochemical relationship in some of these cases; a lowered blood sugar enhances the effect, which may be almost negligible after a heavy meal or when glucose has been drunk. This, again, suggests that elementary physiological mechanisms are revealed and of these, so far, we know almost nothing. Consideration of this summary of facts and notions leads one to the conclusion that future progress in applied electrophysiology will depend more and more upon intimate knowledge of the functional anatomy of the nervous system and rather less upon technical contrivances. The line of approach taken by Dusser de Barenne and continued so ably by his pupils and collaborators has brought many of the bewildering diagrams in the aniatomical textbooks to life and discoveries in this field are reported almost daily. There is no doubt that within a few years it will be possible to rely upon a complete functional anatomy of the central nervous system and this very great victory will be reflected in the value and scope of electro-encephalography.
Side by side with this advance goes the study of the subtle and elusive mechanisms of central nervous action. It is peculiar that we have dallied so long with the electrical phenomena represented in the electro-encephalogram, without insisting upon their identifying themselves in relation to function. The modern concept that the spontaneous rhythms seen in the brain may have a specific and essential part to play in transforming sensory data into material for conscious perception helps considerably to explain some of the aberrations and anomalies listed above.
It is, perhaps, inevitable that, being a physiologist, I should seem to consider the desperate human problems presented by organic cerebral disorder more as preparations than as patients. It Table I shows the diagnostic groupings studied. It is seen that the E.E.G. is abnormal in 45 % of the total group, but tends to be more abnormal in the inflammatory than in the degenerative cases and particularly severely in the G.P.I.s, the presenile cortical atrophies and in Huntington's chorea. It is rarely abnormal in disseminated sclerosis. Of the cases with severely abnormal E.E.G.s (16 in number), 4 are acute cases of G.P.I. and 4 cases of presenile atrophy with gross mental confusion or fits. There is a case of Friedreich's ataxia with episodes of automatic behaviour considered epileptic, a case of Wilson's disease, 2 recent severe vascular accidents and the remaining 4 cases showed mental confusion. INVOLVEMENT OF SPECIAL SYSTEMS Degeneration in the large afferent and efferent systems in the spinal cord, seen in the cases of Friedreich's ataxia and tabes dorsalis, did not influence the E.E.G. Cases of cerebellar agenesis and degeneration were also normal. 2 cases of oculomotor nuclei degeneration were normal. 5 cases of choreo-athetosis were normal but a case of Wilson's disease was severely abnormal. Marked changes were found in 5 out of 6 cases of Huntington's chorea, but none in post-encephalitic Parkinsonism, without severe personality changes. In view of the known importance of thalamic nuclei for the production of cortical rhythms it is unfortunate that no patient has been examined in whom the predominant lesion could be ascribed to the thalamus. Turning to the predominantly cortical lesions, whether the E.E.G. is abnormal would appear to depend on the acuteness and severity of the lesion. Unilateral vascular lesions, embolic or thrombotic, leave the E.E.G. abnormal on the side for a few days or weeks, but later the rhythms tend to return to normal. In presenile atrophy also, during the acute phases of the condition, the E.E.G. is very frequently abnormal and often focal, but later may become normal again. The case of G.P.I. is very similar and 5 treated patients within this series had normal E.E.G.s. (Fig. 1 ) In a number, however, this was not the case and it would seem that the appearance of a new pattern of E.E.G. rhythm supervening after an acute inflammatory or degenerative process tends to conform to a type and to be associated with diffuse cortical destruction and with some degree of intellectual deterioration.
TYPES OF E.E.G. ABNORMALITY
The types of E.E.G. abnormality found can be classified under four headings: (1) Generalized delta rhythm (less than 4 c/sec.) which is rhythmical and symmetrical in the frontal areas. Local delta rhythm, which is usually irregular, containing polyrhythmic components.
(2) Theta rhythm excess (4-7 c/sec.) bilateral, parieto-temporal and symmetrical. (3) "Slowed" atypical alpha rhythm 6-8 c/sec. occupying the post-central areas, showing poor blocking response to visual attention.
(4) Absence of rhythmical activity, in ali areas or in a local area, at rest, on eye closure and during overbreathing. 
DiscussIoN
I believe that this is the first report of the E.E.G. findings in Huntington's chorea, choreo-athetosis, Friedreich's ataxia and other cerebellar degenerations. Recently interest for electro-encephalographers has shifted from the cerebral cortex to the thalamus and basal ganglia, clinically because of Dr. Grey Walter's finding of theta rhythm excess in cases of tumours around the third ventricle, and physiologically because of the effects on cortical rhythms of ablation and stimulation of subcortical grey matter, reported by Kennard and Nims (1942) , Morison and Dempsey (1943) , Murphy and Gellhorn (1945) , Obrador and others (1943) . The finding of a "suppression" or absence of cortical rhythm in cases of Huntington's chorea ( fig. 3) , in which both basal ganglia and cortex suffer degeneration, must be contrasted with cases of choreo-athetosis and Parkinsonism in which the E.E.G. is normal and with cases of post-encephalitic Parkinsonism with severe personality and mental changes in which an excess of theta rhythm is found.
Experimental work on animals has shown that both these effects-the facilitation of slow activity and the "suppression" or abolition of all cortical activity-can be produced by interference with subcortical grey matter. Thus, stimulation of the striatum by Gerebtzoff (1941) produced abolition of cortical rhythms, while destruction produced an excess of theta rhythm. Murphy and Gellhorn found that electrical stimulation of the posterior nuclei of the hypothalamus produced fast rhythms in the cortex while Obrador (1943) found that destruction in this area resulted in abolition of the normal potentials.
The common path for both these effects on the cortex must be through thalamic nuclei:-In the case of the striatum via globus pallidus and possibly lateral ventral thalamus, in the case of the hypothalamus via mamillothalamic. tract and dorsomedial nucleus. In the case of the hypothalamic-thalamic system it has been shown that the areas of the cortex which will fire the hypothalamus lie in the prefrontal, sensorimotor and cingulate gyri. It has also been shown (Leao and Morison 1945) that spreading depression of cortical activity over both hemispheres can be induced by mechanical and chemical stimulation of local cortical areas, particularly in the frontal regions, but this mechanism is purely cortical and does not involve subcortical ''suppressor " circuits. In the light of these physiological observations it is of interest that cortical rhythms are unaffected by the lesions of choreo-athetosis but suppressed by those of Hunting- ton's chorea. It seems improbable that deterioration within the thalamic nuclei could have been sufficient to account for the absence of rhythmical activity in 5 out of 6 cases, nor is it likely that the posterior hypothalamic nuclei were destroyed in these cases. It is probable that the association of an atrophic process in the frontal cortex and in the basal ganglia is the significant factor since neither alone produces either persistent depression or facilitation of cortical rhythm.
To summarize, the normal rhythmical activity of the postcentral cortex, called the alpha rhythm, is dependent upon intact cortical neurones, especially the deeper layers, and upon thalamo-cortical connexions. From the present series of cases, nothing can be learnt about the effects of lesions within the thalamus. When large areas of cortex are destroyed, the areas involved may show little rhythmical activity, a state similar to a local "suppression" described by Dr. Denis Williams (1945) . When the cells of large areas of cortex are involved in dysfunction from toxic, inflammatory or degenerative processes, local very slow or delta wave activity occurs. Whether the E.E.G. in the area returns to normal or shows absence of activity later would appear to depend upon the degree of recovery and the extent of the final cellular destruction. If epileptic activity supervenes in the cortex near-by an area of destruction, a persistent E.E.G. abnormality may remain of epileptic type. Interference with thalamo-cortical projections on one side results in diminished rhythmical activity on that side. The E.E.G. can also be altered by lesions in some fibre systems terminating in the thalamus, but is unaffected in cerebellar lesions, mid-brain lesions or lesions of the long sensory tracts. Lesions confined to the extrapyramidal system do not alter the pattern, which is normal in choreo-athetosis and Parkinsonism. How the depression of cortical activity in Huntington's chorea is mediated remains an interesting problem.
Dr. Denis Williams: The clinical use of the electro-encephalogram.-Many papers have been written about the use of the electro-encephalogram (E.E.G.) in the localization of cerebral lesions, and there has generally been a reasonable correlation between the predicted and actual site of the lesion. In any study of these contributions there is a natural tendency to link the E.E.G. changes to the causal lesion, and to forget that the electrical abnormalities which are seen arise, in fact, from the brain which is damaged by the lesion.
Dr. Grey Walter has given us an outline of the recent advances in electroencephalographic technique, and of their applications to the interpretation of the different wave-fornms seen in the abnormal E.E.G. He has also related some of the groups of abnormal rhythms to the groups of clinical disorders which are mainly responsible for them. Dr. Denis Hill has analysed the contributing causes of abnormalities in the E.E.G. in some of the conditions which are associated with an impairment of consciousness. I would like to consider briefly the part the E.E.G. has to play in contributing to knowledge about the nature of lesions in the cerebral hemispheres, quite apart from its admitted value in localizing them.
No single clinical method can be used, alone, to establish a complete understanding of the kind of lesion which might be present in any organ, but the clinician finds it necessary to integrate all the evidence he can accumulate to hazard a reasonable prediction of the characteristics of an unseen lesion which is causing.a demonstrable disorder. Similarly the E.E.G. cannot often be used, alone, to establish a diagnosis. It must be related to all other clinical, pathological, and radiological data which have been placed at his disposal. What further information can the E.E.G. give about the nature of a lesion of the hemispheres,, apart from its approximate site? It seems that it may give evidence upon six of its qualities.
(1) Extent.-The E.E.G. merely records the electrical activity of damaged brain tissue, but the area of this can be mapped out within the limitations of a technique which includes recording through the thickness of the scalp and cranium. Disordered brain may for instance be found in the other hemisphere, or even in the unexpected hemisphere. The sharpness of definition of the abnormality may also be judged.
(2) Severity.-The degree of damage which is taking place at the time of recording may be judged by the period, voltage and persistence of the abnormal waves. Complete destruction may go unobserved, or may be recognized in abolition of the normal rhythms, (3) Absolute destruction may be recognized by a "silent area" in which there is absence or reduction of electrical activity, but its certain recognition must often wait upon relating the E.E.G. and the radiological changes.
(4) The depth of the lesion in the hemispheres may be surmised, at least to a consideration of whether it lies in the cortex, the white matter, or the basal ganglia, by relating clinical observations to the voltage and period of tj-e abnormal waves, and to the extent of their diffusion over the scalp. For instance, low voltage 3-a-second waves, obtained over a wide area in one hemisphere, particularly if associated with 7-a-second waves in one or both hemispheres, suggest a deep lesion.
(5) Secondary changes.-Long-standing lesions give rise to characteristic changes in the E.E.G. which have many features by which they can be distinguished from the immediate and direct effects of brain damage on the E.E.G. These secondary changes often precede, or are associated with, epilepsy. (6) Associated changes.-Physical disorders which may be associated with cerebral lesions give widespread changes in the E.E.G. which are often symmetrical, and fairly easily recognized. Such changes are seen with high intraeranial pressure, changes in consciousness, or in toxic states. For their correct interpretation knowledge of the clinical story is essential.
It is clear that in each of these six instances the E.E.G. can only be interpreted reasonably if the interpreter has full knowledge of other aspects of the clinical problem. That this is essential is made evident by the fact that there is usually more than oneand there may be many-possible explanations for any isolated phenomenon which may occtir in the E.E.G. Even a sequence of related phenomena in the E.E.G. may be unsusceptible of interpretation if considered alone. For example:
(1) With a suspected lesion of the hemisphere, absence of abnormal slow waves in the E.E.G. may be due to absence of any lesion or to complete destruction of the damaged brain. For example, a large meningioma or a large porencephalic cyst may be associated with normal E.E.G. records.
(2) Suppression of normal rhythms in both hemispheres may be due to widespread destruction of parenchyma, to recent and benign concussion, or to personal idiosyncrasy.
(3) Episodes of abnormally fast waves may recur in widely dissimilar conditions, such as epilepsy, syncope, intoxications with drugs, such as medinal, or again as a personal idiosyncrasy of a normal subject.
(4) Episodes of slow waves are seen in epilepsy, in states of impaired consciousness, in normal sleep, and also in association with psychopathy.
There are even circumstances in which it is quite impossible to recognize which is the abnormal hemisphere, when unilateralkchanges are seen in the E.E.G., unless clinical data are available. When, however, the clinical findings are related to the E.E.G., further information is immediately available upon the nature of the lesion. For instance, abnormal rhythms recorded from the right side of the scalp in a patient with a right hemiplegia and aphasia suggest that the absence of abnormality from the left and presumably abnormal hemisphere is due to suppression of activity here. This suppression, with no abnormal slow waves, indicates that at the time of recording the left-sided lesion is causing no active brain destruction. Such a state of affairs is found with benign tumours, or after vascular catastrophes. The clinical story will probably distinguish between these two conditions. Such a record would eliminate, for instance, a malignant glioma, a secondary carcinoma, or a recent abscess.
Even when the E.E.G. is found,to be perfectly normal, a clinical story may be essential for a correct interpretation. Conditions in which this may be so are as follows:
(1) When several symptoms and signs persist after a head injury. If the E.E.G. has returned to normal no further organic resolution can occur, and the prognosis for functional recovery is correspondingly bad. This is so whether the disorder is the result of brain destruction or of associated neurotic illness. So long as abnormality is still present in the E.E.G. and resolution is still occurring a final bad prognosis need not necessarily be made.
(2) When a normal E.E.G. is found in an epileptic the story must be known, for it may be a chance finding in a severe constitutional epileptic or it may be used to support the tentative diagnosis of cysticercosis, since the E.E.G. is normal as often in this condition as in the normal population.
(3) When organic dementia is taking place as a result of a slowly progressive condition such as cerebral arteriosclerosis or Alzheimer's disease, the E.E.G. is usually normal. Here again, therefore, when the clinical story is known the normal E.E.G. should be used to approach a correct diagnosis and a reasonable prognosis.
(4) If a normal E.E.G. is found in a patient who on other grounds is thought to have an expanding lesion of the hemispheres, the differential diagnosis is much reduced, since the more malignant and actively infiltrating tumours are improbable, and a recent abscess impossible.
From the argument which has been advanced in this short paper it seems that the E.E.G. should not be used alone to localize a cerebral lesion. It should rather be interpreted with the help of all the other evidence, which may haVe been quite sufficient to localize the lesion, to add to the knowledge of the site, extent, and severity of brain damage occurring at the time, and also to reveal the other associated, and perhaps unexpected, changes which may be taking place. Records and case abstracts were then given to show the way in which the E.E.G. has been used recently to elucidate changes, and clinical changes to elucidate obscure E.E.G. findings. 
